This study reviewed the effectiveness of school-based physical activity interventions aimed at reducing overweight, obesity and hypertension in children. We searched 14 databases and analyzed studies published between April 2009 and September 2012. Only randomized controlled trials performed at the school level that included elements of physical activity but did not include nutritional co-interventions were analyzed. Studies were assessed by two recommended tools (EPHPP and GRADE), and the standardized mean differences with 95% confidence intervals were collected for a random-effect meta-analysis. A total of 12 papers were included in the meta-analysis, and these were divided according to three outcomes: body mass index (11 trials, n = 4,273, 20.02, 95% CI: 20.13 to 0.17, p = 0.8); body weight (5 trials, n = 1,330, 20.07, 95% CI: 20.18 to 0.04, p = 0.2); and blood pressure (6 trials, n = 1,549), including systolic (0.11, 95% CI: 20.10 to 0.31, p = 0.3) and diastolic pressure (20.00, 95% CI: 20.10 to 0.10, p = 0.9). This meta-analysis of data from 11 randomized, school-based physical activity interventions suggests that, regardless of the potential benefits of physical activity in the school environment, the interventions did not have a statistically significant effect. However, it is difficult to generalize from these results because the duration, intensity and type of physical activity used in the interventions varied greatly.
& INTRODUCTION
The increasing prevalence of overweight and obesity in children and adolescents is an important issue in public health. Overweight and obesity affect countries across the globe and involve different ethnic and socioeconomic groups (1, 2) . The situation has worsened since the 1970s (3) . Brazil has a high prevalence of overweight and obesity (1) , and adolescents in industrialized regions of the country have a higher risk for overweight and obesity than adolescents in less-developed regions (4) .
According to the literature, 35% of children transition from a normal weight range during childhood to overweight in adolescence, and 62% of children in the highest body mass index (BMI) quartile remain in this range when they become young adults (5) . Moreover, this association between high BMI values in childhood and high values in adulthood has been reported by other authors (6, 7) . Four cohort studies involving 6,328 individuals showed that overweight or obese children who became obese adults had an increased risk of developing type 2 diabetes, hypertension, dyslipidemia and carotid artery atherosclerosis. Additionally, these studies showed that the risk of these outcomes among overweight and obese children who became nonobese adults was similar to the risk of individuals who had never been overweight (8) .
In addition to childhood obesity, which some authors consider an independent risk factor for increased blood pressure (BP) in adulthood (9) , stress and increased salt consumption contribute to the development of hypertension.
Other authors have suggested that high BP may be a more important predictor of morbidity than increased BMI and cholesterol levels (5) .
Because children and adolescents spend much of their time in school, this environment should be conducive to the implementation of interventions aimed at promoting healthy lifestyles and practices that prevent illness (10) . Expanding physical education programs in schools should be considered an effective means of overweight prevention among children, especially girls (11, 12) . One study (13) indicated that earlier involvement in physical activity was associated with greater effectiveness in preventing increased BMI. Additionally, a 2-year intervention program that combined physical activity and nutritional education was effective in reducing weight gain in nonobese students (14) .
The growing importance of this issue has resulted in a remarkable increase in the number of studies on interventions aimed at preventing and reducing overweight and obesity among children and adolescents. Moreover, there have been 7 meta-analyses of these studies (15) (16) (17) (18) (19) (20) (21) .
One meta-analysis of 15 original studies involving randomized and nonrandomized trials with 13,003 children found a lack of favorable BMI outcomes for physical activity-based school interventions. In this meta-analysis, the weighted average difference between groups was 0.05 kg/m 2 (95% CI: 20.19 to 0.10) (18) . In contrast, another meta-analysis that reviewed randomized and nonrandomized trials and included interventions based on physical activity along with nutritional counseling showed beneficial effects on the control of childhood obesity based on BMI measurement. This type of intervention was particularly effective for programs aimed at children aged 6-12 years. For this age group, the weighted average difference between groups was 20.15 kg/m 2 (95% CI: 20.21, 20.09). However, the data are questionable because of their high heterogeneity (I 2 = 82%) (19) . The controversy in the literature is primarily attributed to the use of multiple concurrent interventions and the inclusion of studies with different study designs. The aims of the present study were to expand the number of screened databases and focus on studies that proposed randomized interventions of school-based physical activities. Therefore, our primary goal was to evaluate the effectiveness of interventions that promoted physical activity in the school environment and reduced overweight and obesity in children and adolescents. The secondary goal was to evaluate the outcome of these interventions on high BP. September 30, 2012 . For each database, we used descriptors that corresponded to physical activity, school environment, age, overweight and obesity, BMI, anthropometry and randomized trial as the study design. The strategies for the electronic searches are included in the Appendix. Moreover, we performed a supplementary search based on previous reviews. All of the retrieved papers were allocated, evaluated for eligibility criteria and selected using the Internet access platform of Eppi Reviewer 3.0 software (23) . This study is registered on clinicaltrials.gov under number NCT00985972.
& METHODS
Two independent reviewers (P.G. and J.S.) selected the studies in two distinct phases: The studies were selected based on the title and abstract, and the assessment was performed on the full text of the articles. In case of disagreement between the reviewers, consensus was reached with the participation of another researcher (M.N.). Randomized trials that met the following eligibility criteria were selected: interventions that used physical activity involving the whole school population between the ages of 6 to 18 years, according to the structure of the Brazilian educational system for elementary and secondary schools. Studies that were excluded were nonrandomized trials, trials restricted to clinical populations outside the school environment and studies that included an associated medication or other nonpharmacological interventions. Among publications with duplicate data, the publication that best met the eligibility criteria was selected. The primary outcome was BMI, with body weight and BP as secondary outcomes. In three studies including more than one intervention group, the group that best fulfilled the eligibility criteria was selected.
We assessed the methodological quality of individual papers using two tools: EPHPP (24) and GRADE (25) . The percentage of items properly completed from the selected papers, as assessed by the two tools, was distributed on a 21-point scale. The scale was subsequently converted into three rankings of methodological quality: high (A), medium (B) and low (C). In cases of discrepancy between the two tools, priority was given to the EPHPP score. We extracted the data including the number of individuals in the intervention and control groups and the respective means and standard deviations of BMI, body weight and systolic and diastolic pressure. The authors of the papers reviewed were contacted to recover missing information.
Meta-analytic syntheses were calculated by the random-effects approach (26) with Hedges' g corrected to show summary effect sizes. We used Cochran's Q test and I 2 statistics to analyze the heterogeneity of the results, assuming that a percentage above 75 indicated high heterogeneity (27) . Literature bias was tested using a funnel plot graph. Two subgroup analyses were also conducted: duration of the intervention, with a cut-off point of six months, and methodological quality of the studies, involving only trials with high and medium scores.
& RESULTS
The flow chart describes how references retrieved in the database searches were distributed throughout the review ( Figure 1 ). The full text of 4.5% of the papers initially retrieved was examined. Of the 32 randomized controlled trials from which data were extracted, 12 met all inclusion criteria and were included in this meta-analysis (28-39).
The major features of the 12 trials included in this metaanalysis are as follows: the earliest publication date was 2006 and there were reports of interventions in ten countries designated by the World Bank as having high-income economies (.$12,276); 7 (58%) of these studies were located on the European continent. In all of the papers, the 9-11 years age group was the most prevalent (83%), and trials with populations older than 17 years were not included. Two studies comprised samples of obese individuals (33, 36) and one study comprised exclusively females (39) . The duration of the intervention ranged from 2 weeks to 48 months, and the schools involved ranged in number from 1 to 26. In nine studies, the intervention was incorporated into the school curriculum. The randomization and analysis units were clustered in ten studies and on an individual School-based interventions to reduce overweight and obesity Guerra PH et al.
basis in two studies (Table 1 ). Most school-based interventions in this review (n = 11) were designed to increase the level of physical activity relative to sedentary behavior; moreover, the interventions were designed to reduce overweight, obesity and the risk of cardiovascular disease. In three studies, co-interventions with health education guidelines were presented, and in one study, family support was included. The length of the intervention ranged from 75 to 270 minutes/week. In ten research protocols, exercises with moderate intensity were prescribed. The sum of scores assessed by the EPHPP and GRADE instruments resulted in three quality rankings. The papers that obtained the top ranking had scores ranging from 77-85% of the maximum score, the middle-ranking papers scored 46-69% and the third rank of papers had scores of 31-39% (Table 1) . Priority was given to the ranking provided by EPHPP in 2 cases, in which there was a discrepancy from the ranking provided by the GRADE tool. In the 7 papers with high and medium methodological quality, cluster randomization, an intervention duration .6 months, a higher number of schools involved, and increased integration of the intervention in the school curriculum were more prevalent. In 3 studies with an A ranking (75%), the final data analysis was performed as an intention-totreat analysis.
Primary outcome: BMI
This pooled analysis was generated from the data of 4,273 individuals in 11 studies (2,267 individuals were in intervention groups and 2,006 were in control groups), with 50.7% of the meta-analysis weight coming from papers with a high methodological quality (29, 31, 33, 35) . The random effects summary estimate is as follows: 20.02, 95% CI: 20.13 to 0.17, p = 0.8 ( Figure 2 ). Heterogeneity tests showed I 2 = 77%. A subjective evaluation of the funnel plot showed no publication bias (Figure 3) .
In parallel, we developed two analyses stratified by the methodological quality of the studies, corresponding to data from high quality (A) and medium quality (B) papers (28) (29) (30) (31) 33, 35, 36, 38) . The results of these studies were as follows: 20.03 kg/m 2 (95% CI: 20.15 to 0.21, p = 0.7, n = 3,869, I 2 = 84%). Another synthesis included interventions with a duration equal to or exceeding 9 months, which corresponds to a school year (28, 29, 31, 32, 35, 38) . The results of these studies were as follows: 20.00 kg/m 2 (95% CI: 20.25 to 0.24, p = 0.9, n = 2,745, I 2 = 85%). In both subgroup analyses, no publication bias was present.
Secondary outcome: Body weight
In total, 1,330 individuals were included in this synthesis. They were distributed across five trials, with 87.5% of the meta-analysis weight coming from papers with a medium methodological quality (28, 30, 36, 37) . Figure 4 shows the following random effects summary estimate: 20.07 (95% CI: 20.18 to 0.04, p = 0.2). For this outcome, the funnel plot shows publication bias, with two precise and positive standard errors positioned far from the no-effect line (28, 37) . The heterogeneity test revealed I 2 = 0%, indicating that any variability in the results was random.
Secondary outcome: BP
This outcome was subdivided into systolic and diastolic blood pressure. The six papers examined (30, 31, 34, 35, 38, 39) included data from 1,549 individuals (Table 2 ). In total, 64% of these individuals participated in studies with a high methodological quality, and 22% participated in low-quality trials. The pooled effect was not statistically significant for any of the outcomes.
& DISCUSSION
This meta-analysis of a group of randomized trials found that school-based physical activity interventions did not lead to statistically significant effects in all outcomes. The data used to analyze the body weight outcome are derived from one of the five retrieved trials, which accounted for more than half of the children and adolescents included in this meta-analysis.
In particular, the preliminary findings of this work correspond to those of other studies that used similar inclusion criteria. (40, 41) , and two report data on the same intervention, named ''MOVI'' (33, 42) . Finally, we found that two studies (29, 33) shared our preliminary synthesis.
Primary analysis showed high variability in the intervention period, from a 2-week trial that had the main purpose of promoting physical activity (34) , to the ICAPS intervention (35) that was developed over 4 school years and focused on the prevention of overweight and obesity. These interventions focus on inspiring young people to develop lifelong healthy habits, and a shorter intervention may not be an ideal means for the permanent establishment of these practices. However, when the shortest initiative was removed from the primary analysis, the null result was maintained (0.00; 95% CI: 20.13 to 0.18, p = 0.7, I 2 = 78%). Only two studies reported more than 300 minutes per week of physical activity (60 minutes per day) when the amounts of intervention and the regular classes of physical education were totaled (33, 38) . This amount of activity was originally proposed by Strong et al. (43) and in 2008 was recommended by the World Health Organization (WHO) as the minimum cut-off point for sufficient physical activity for children and teenagers (44) . The insufficient amount of physical activity prescribed in the included study protocols can also be seen in the only intervention (30) that involved high intensity exercises. At 120 minutes/week, this intervention was far from meeting global requirements.
Conversely, the subgroup presented in a paper published in the Cochrane Review (19) suggests a favorable result of specific physical activity interventions. This review identified an effect of 20.11 (95% CI: 20.19 to 20.02, n = 9,242, I 2 = 66%). In this case, the statistical significance can be attributed to the presence and influence of nonrandomized trials; i'n the two analyses that involve only randomized interventions, the results were not statistically significant (18, 21) . Aside from the conflicting evidence, physical activity should be recommended as it provides physiological, psychological and social benefits (43) . : Free weights group, *5 : EG (Int), *6 : CG (Con), and: not described.
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In our review, the favorable effect on body weight was primarily influenced by the results of one of the included studies (37) ; this study included more than 50% of the subjects analyzed. In a sensitivity analysis, the summary effect lost statistical significance when this study was not included; this finding suggests that the intervention may be effective in children aged 9-11 years, or before the pubertal growth spurt. It was not possible to exclude publication bias in the synthesis of this outcome, although we believe this bias was unlikely.
Our review includes seven original research papers (28, 30, 32, 34, 36, 37, 39) that were not included in any of the seven previous systematic reviews. One of the papers (36) analyzes the same population, intervention and outcome reported in another paper (45) published in the Cochrane Review (19) , despite the fact that our search strategy was recommended after previous testing by researchers (46) .
The high amount of heterogeneity was due to the large amount of variation among the study protocols; variations were common in the research rationale, the nature and objectives of physical activity protocols, the age ranges of the targeted children and the follow-up times. Because of this variability, all analyses were performed under the random effects model (47) . Previous meta-analyses of combined interventions (physical activity plus nutrition education) also showed moderate to high heterogeneity in BMI synthesis, with the I 2 value ranging from 54% to 98%. School-based interventions to reduce overweight and obesity Guerra PH et al. CLINICS 2013; 68(9):1263 -1273 One of the limitations of this study is that BP outcomes were not included in the initial goals. In the process of paper selection and extraction we found these outcomes were frequently included in reports. We sought to correct possible selection bias by expanding our search strategy in PubMed and ISI. Another limitation of this review was the constraint on publication languages. However, this limitation does not usually represent a significant bias in terms of estimating the effects of conventional interventions (48) . A systematic review of trials involving Chinese school students, published in English (49), included 22 studies and showed no evidence of the prevention of obesity in children and adolescents. None of the nine studies with BMI as an outcome were indexed in the 14 databases that were screened. Instead, the authors of this review indicate the low methodological quality of the included studies. School-based interventions to reduce overweight and obesity Guerra PH et al.
In this paper, we performed a meta-analysis of initiatives in countries with different socio-cultural values where excess body weight and engagement in physical activity are rewarded. Our expectations of positive results that could be attributed to educational interventions based on a single intervention model were therefore reduced. Nevertheless, none of the selected papers showed an unequivocally effective result; this finding suggests that the process of change must involve more comprehensive educational interventions and a broader conceptual basis. This need is especially strong given the exposure of individuals to the demands of consumerism.
Based on our results, we suggest that future research use the cluster random allocation method to select students, choose the school as the allocation unit and include a sufficiently large number of participants of both sexes aged 6-11 years from different body composition strata and with different frequencies of school attendance. In addition, the time period for curriculum intervention should be at least one school year, and moderate-to-vigorous physical activity should be monitored for at least 60 minutes per day, as specified by WHO (44) . Finally, any analysis of individual results needs to be adjusted by cluster distribution.
This meta-analysis of data from 11 randomized, schoolbased physical activity interventions suggests that, regardless of the potential benefits of physical activity in the school environment, the interventions did not have a statistically significant effect. However, it is difficult to generalize from these results because of great variability in the duration, intensity and type of physical activity used in the interventions.
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